Biases in evaluation of sires result from misidentified records in the sire group averages used for sire evaluation. The bias increases as the fraction of misidentified cows increases. Use of variance components estimated from misidentified records also contributes to the bias. Estimates of the correlation between estimated and true genetic value, as well as estimates of genetic progress due to selection, are biased when misidentified records are included in sire group averages.
Introduction
An earlier paper (1) reported the effect of misidentification on estimation of components of variance for sire and within sire. The bias in estimation of heritability from 4 times the intrasire correlation was approximately proportional to 1--p where p is the fraction of cows correctly identified in each sire group. The results were nearly the same for 4 different patterns of misidentification.
A related problem with misidentified records is in evaluation of sires from averages of cows which are identified as being by a particular sire when some of the cows in the group are by other sires. The object of this paper is to demonstrate the biases in sire evaluation and in prediction of genetic progress when misidentified records are nsed in sire evaluation and in estimation of variance components.
Statistical Considerations and Results
The models considering the effect of misidentified records on sire evaluation are 2 of those considered earlier in describing biases in estimation of components of variance (1) because the results for those 4 models were similar for estimating sire and within sire components of variance.
Model 1. All misidentified cows in a sire group have the same sire:
~ri. : /z -~-nilS i -~ (n i --nil)Sik - [-ei., where Yi. is the average of "daughters" o£ the ita sire, i z is a constant common to all records, Received for publication June 12, 1970. S i is a random effect common to all daughters of the ita sire, Sik is a random effect common to all cows incorrectly identified as having sire i when the real sire is sire ik, ei. is the average of uncorrelated random effects common to records of the n i cows in the average, nil is the number of correctly identified daughters, and ni--nil is the number of incorrectly identified cows in the average.
The si and Sik are nncorrelated with mean, zero, and variance, u2s. The eij are uncorrelated with mean, zero, and variance, (r2e.
Model 2. Each of the misidentified cows in a sire group has a different sire:
In these models the records have been adjusted for fixed factors and expressed as deviations from their appropriate population means.
If each cow has one record, the regression factor for predicting the daughter superiority or one-half the site's genetic value (si ~-gi/2) is for Model 1:
For Model 2, the regression coefficient is:
These differ from the usual regression coefficient when all cows are correctly identified:
Four possibilities, other than models, will be considered in sire evaluation with misidentified records. The data to estimate uus and a2e can be correctly identified or partly misidentified. The records in the group averages for evaluation can be correctly identified or partly misidentified. Situation 1 is correct identification in estimation of variance components and of cows for sire evaluation. Situation 2 is the use of unbiased estimates of variance compo-1697 VAN W~CK nents in sire evaluation when a fraction, l--p, of the cows are known to be misidentified. This is the appropriate procedure for evaluation of sires with some misidentified cows in the sire group averages. Situation 3 is the use of variance components estimated from misidentified data in sire evaluation when a fraction, l--p, of the cows are misidenfified. Correct identification is, however, incorrectly assumed both in estimation of variance components and in sire evaluation. This situation is the one that ordinarily occurs. Situation 4 is equivalent to Situation 2 except estimates of variance components are biased because of misidentified records which are assumed incorrectly to be correctly identified. These biased estimates of variance conlponents are then used in evaluation of sires which are known to have a fraction, l--p, of incorrectly identified cows with records in the sire group averages.
Since there is a large number of combinations of proportions misidentified in estimation and in evaluation, the proportion misidentified will be assumed to be the same for records in estimating variance components as in evaluation for Situation 4. The number of cows in each sire group is also variable in the estimation of the variance components. The previous report (1) showed this number had little effect on the bias in estimation. Calculations for group size of 20 in estimation of variance components are reported since the results are similar for all sizes.
Formulas for expected values of the regression coefficients are in Table i for the 4 situations of correct and incorrect identification if p is the proportion of cows correctly identified in a sire group, i.e., p = nil/n i . A further assumption is that p is the same for each sire group in the records used to estimate variance components.
Comparison of these regression coefficients for specific numbers of animals with records in a group will show what proportional bias in estimation of genetic value is introduced because of misidentification in the group of records for sire evaluation. The regression coefficients are in Tables 2, 3 , and 4 for the intrasire correlation, t = O2s/(Cr2 s q-O2e) = .04, .06, and .08 which correspond to heritabi]ities of .16, .24, and .32. Calculations were done for other combinations of numbers per group, fraction correctly identified, and heritability, but those reported are of greatest interest. Only the regression values for Model I of misidentification are reported since they agree closely with the values for Model 2. The regression coefficients in the tables show the bias in evahmtion since the correct regression coefficients are the Situation 2 values. For example, the procedures using biased estimates of variances do not regress the daughter averages enough as can be seen from comparing the lines for Situations 3 and 4 with the lines for Situation 2.
The correlations between the true daughter superiority and the estimates derived from the 4 regression coefficients appear different since the regression coefficients are different, but the correlations are the same since the ranking of all bulls with the same number per group is the same no nmtter which regression factors for group averages in sire evaluation for for all b. Therefore, the correlations between true and estimated value are the same for all evaluation procedures using the same records. Expected genetic progress is also the same for any of these regression equations with equal numbers in each sire group. The usual way to estimate genetic progress per generation from selection can be written: AG ~ b a~ D where b is the regression coefficient in sire evaluation, a2y is the variance of the sire group average, and D is the standard selection intensity factor based on either the 
t : a2s/(a2s ~-a2e) = true intrasire correlation coefficient. n s = number of records in group average for evaluating' a sire. n v = number of records in group average for estimating a2s and ~2 e. x = 2p 2 + p --1 where p is the fraction of cows with records in the group average actually sired by that sire. truncated or censored normal distribution. If biased regression coefficients and variance components are used instead of true b and a~, in estimating genetic progress, such estimates can be described as apparent estimates. Similarly the correlation between true and predicted genetic values of sires is usually estimated as (b)l/2 where b is the correct regression coefficient when all records are correctly identified. If a biased regression coefficient is substituted, the resulting value will be the apparent correlation.
The apparent expected genetic progress as well as apparent correlations between true and predicted genetic values differ for the different JOURI~AL OF DAIRY SCIENCE ~OL. ~B, NO. 12 situations. The apparent correlations are the square roots of the regression coefficients in Tables 1, 2 , 3, and 4. The apparent standardized variances of the sire average are in Table 5. The equation for Situation 2 gives the unbiased estimate of genetic progress when some records are misidentified. The apparent variance of the sire average for Situation 3 is determined by the estimates of ae s and o2e found from misidentified data. The formula in Table 5 results from substitution of the expected values of the estimates for a2 and o-2e. This is the apparent variance of the average in terms of expected values and corresponds to the practical situation. The fourth alterna- 
